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Description 

METHOD AND STRUCTURE TO CREATE 

MULTIPLE DEVICE WIDTHS IN FINFET 
TECHNOLOGY IN BOTH BULK AND SOI 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention generally relates to fin-type field 
effect transistor (FinFET) structure and more particularly 
to an improved structure that includes differently sized 
spacers adjacent the fins which operate to change the ef- 
fective width of the fins. 

[0003] Description of the Related Art 

[0004] As the end of linear scaling of planar complementary 

metal oxide semiconductors (CMOS) approaches, alterna- 
tive device structures are being evaluated. One of the pri- 
mary candidates is FinFET technology, where a thin fin, or 
pillar of silicon is created using sub-lithographic tech- 
niques, thereby allowing placement of the gate on sides of 



the Fin, which in the on state, fully depletes the silicon in 
the fin, making it a high performance device. U.S. patent 
6,413,802 to Hu et al. (hereinafter "Hu"), which is incor- 
porated herein by reference, discloses one example of a 
FinFET structure. 

[0005] Conventional CMOS designers have the flexibility of using 
any (as limited by the design grid increments) width de- 
vice, as well as gate lengths for a variety of performance 
and power characteristics. With FinFET technology, current 
integration techniques only allow for variation of the gate 
length but not the width (the width of a FinFET is deter- 
mined by the height of the fin). This limitation in the de- 
vice design creates difficulty for both porting existing de- 
signs into FinFET technology, as well as designing the 
plethora of circuits that designers have in their toolkit. 

[0006] The current industry solution to circumvent this limitation 
has been to use multiple parallel fins controlled by the 
same gate. This quantizes the effective width of the device 
far more than the prior grid limitations. In addition, many 
designs incorporate slightly larger than minimum devices 
to get similar characteristics to the high performance de- 
vice, without quite as much power consumption, or sus- 
ceptibility to the effects of across chip line variation 



(ACLV). The quantization of 1 fin, 2 fins, 3 fins, etc., 

makes designing a slightly larger than minimum feature 

impossible. Additionally, for bulk FIN integration schemes, 

the methods for isolating the fins electrically from the 

substrate are relatively difficult or expensive, and provide 

no means for creating multiple device widths. 
Summary of Invention 

[0007] The present invention involves putting a spacer on the 

lower portion of some FinFETs (using a blocking mask to 
remove/reduce unwanted spacers), and by using several 
potential doping schemes, making the area protected be- 
hind the spacer electrically inactive. When a gate is subse- 
quently patterned on top of the fin with spacers, a differ- 
ent width device is created than a fin without spacers. 
There is no limitation as to how many different height 
spacers could be placed on the wafer simultaneously, 
however there is an optimal number for balancing the de- 
sign flexibility with the manufacturing costs. 

[0008] Thus, the invention first provides a method of making a 
fin-type field effect transistor (FinFET) structure that be- 
gins with forming a buried oxide layer on a substrate (or 
simply starting with a silicon substrate). Next, the inven- 
tion forms fins and insulating spacers adjacent the fins. 



The fin structures all have the same height. For fins, the 
electrical width is a measure of distance in a direction 
perpendicular to the surface of the substrate or buried 
oxide layer. The invention removes at least a portion of 
some of the insulating spacers, such that first insulating 
spacers cover a larger portion of first fin structures when 
compared to the portion of second fin structures covered 
by second insulating spacers. 
[0009] After removing the portions of the insulating spacers, the 
invention dopes the fin structures to make them active 
semiconductors. The spacers can contain doping impuri- 
ties that diffuse into the adjacent portions of the fins. 
These doping impurities have the effect to isolate this re- 
gion electrically from the remainder of the fin, and main- 
tain the portion of the fin (the lower portion) that is pro- 
tected by the spacer as an insulator. In this process, those 
fins that have larger spacers will have less area exposed 
to become active devices; fins that have smaller spacers 
have more exposed fin that will become active devices. 
Therefore, there is a difference in doping between the first 
fins and the second fins that is caused by the differently 
sized spacers. The difference in doping between the first 
fins and the second fins changes an effective width of the 



second fins when compared to the first fins. 

[0010] Before forming a gate conductor, the invention forms a 
gate insulator on the fin structures and the insulating 
spacers. Then, the invention forms at least one gate con- 
ductor over the gate oxide. 

[0011] This process produces a fin-type field effect transistor 

(FinFET) that has a buried oxide layer over a substrate, at 
least one first fin structure and at least one second fin 
structure positioned on the buried oxide layer. First insu- 
lating spacers are adjacent the first fin structures and sec- 
ond insulating spacers are adjacent the second fin struc- 
tures. The first insulating spacers cover a larger portion of 
the first fin structure when compared to the portion of the 
second fin structure covered by the second insulating 
spacers. 

[0012] Those fins that have larger spacers will receive a smaller 
area of active doping and those fins that have smaller 
spacers will receive a larger area of active doping. There- 
fore, there is a difference in doping between the first fins 
and the second fins that is caused by the differently sized 
spacers. The difference in doping between the first fins 
and the second fins changes an effective width of the sec- 
ond fins when compared to the first fins without having to 



use the fins of different physical widths or use multiple 
fins within each transistor, as is required conventionally. 
[0013] These, and other, aspects and objects of the present in- 
vention will be better appreciated and understood when 
considered in conjunction with the following description 
and the accompanying drawings. It should be understood, 
however, that the following description, while indicating 
preferred embodiments of the present invention and nu- 
merous specific details thereof, is given byway of illustra- 
tion and not of limitation. Many changes and modifica- 
tions may be made within the scope of the present inven- 
tion without departing from the spirit thereof, and the in- 
vention includes all such modifications. 
Brief Description of Drawings 

[0014] The invention will be better understood from the following 
detailed description with reference to the drawings, in 
which: 

[0015] Figures 1A and IB are schematic side view and top view 
diagrams of a partially completed FinFET structure; 

[0016] Figures 2A and 2B are schematic side view and top view 
diagrams of a partially completed FinFET structure; 

[0017] Figures 3A and 3B are schematic side view and top view 
diagrams of a partially completed FinFET structure; 



[0018] Figures 4A and 4B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0019] Figures 5A and 5B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0020] Figures 6A and 6B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0021] Figures 7A and 7B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0022] Figures 8A and 8B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0023] Figures 9A and 9B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0024] Figures 10A and 10B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0025] Figures 11A and 11B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0026] Figures 12A and 12B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0027] Figures 13A and 13B are schematic side view and top view 

diagrams of a partially completed FinFET structure; 
[0028] Figures 14A and 14B are schematic side view and top view 

diagrams of a partially completed FinFET structure; and 
[0029] Figure 15 is a flow diagram illustrating a preferred 



method of the invention. 
Detailed Description 

[0030] The present invention and the various features and ad- 
vantageous details thereof are explained more fully with 
reference to the nonlimiting embodiments that are illus- 
trated in the accompanying drawings and detailed in the 
following description. It should be noted that the features 
illustrated in the drawings are not necessarily drawn to 
scale. Descriptions of well-known components and pro- 
cessing techniques are omitted so as to not unnecessarily 
obscure the present invention. The examples used herein 
are intended merely to facilitate an understanding of ways 
in which the invention may be practiced and to further en- 
able those of skill in the art to practice the invention. Ac- 
cordingly, the examples should not be construed as limit- 
ing the scope of the invention. 

[0031] Figures 1A-7B illustrate a bulk silicon substrate embodi- 
ment of the invention and Figures 8A-14B illustrate a sec- 
ond silicon-on-insulator (SOI) structure. In all the draw- 
ings, the "A" Figures represent a cross-sectional view and 
the "B" Figures represent a top view showing the line X-X' 
through which the cross-sectional view is drawn. There 
are numerous processes that could be used to form the 



structures discussed below and such processes are well- 
known to those ordinarily skilled in the art. In order to 
avoid obscuring the salient features of the invention in 
unnecessary detail, the discussion of these well-known 
manufacturing processes have been omitted from the fol- 
lowing discussion. 
[0032] M 0re specifically, Figures 1A-1B illustrate two fins 112, 
114 formed above a silicon substrate 110 using well- 
known techniques. In Figures 2A-2B, an insulator 116 
(which will eventually become the spacers) is deposited 
over the structure using well-known techniques. The in- 
sulator 116 could contain a doping impurity designed to 
diffuse from the insulator 116 into the fins 112, 114 
(upon, for example, heating) to electrically isolate this 
part of the fin from the active portion later. The doping 
impurity that is selected depends upon the type of semi- 
conductor impurity that will be used, and such chemistries 
are well-known to those ordinarily skilled in the art. For 
example, if complementary (e.g., NFET, PFET) are being 
manufactured simultaneously one type of impurity (with 
an opposing impurity doping spacer) would be used for a 
first type of transistor, and a different type of impurity 
(also with a relatively opposing impurity doping spacer) 



would be used for the other type(s) of transistors. In Fig- 
ures 3A-3C, the insulator material 116 is etched in a se- 
lective anisotropic etching process to leave the insulator 
material 116 only on the lower side walls of the fins 112, 
114 using well-known techniques. The spacers are identi- 
fied as numbers 118 and 120 in the drawings. 
[0033] | n Figures 4A-4B, a protective mask 122 is formed over 
one of the fins 112 and its associated set of spacers 120 
using well-known techniques. This leaves fin 114 and 
spacers 118 exposed. Next, in Figures 5A-5B, an etching 
(or other similar) process is used to reduce the height of 
the spacers 118 using well-known techniques. Note that 
because of the protective mask 122, the height of the 
spacer 120 is not affected by this etching process. In Fig- 
ures 6A-6B, the protective mask 122 is removed and a 
semiconductor active area impurity is implanted into the 
exposed portions 113, 115 of fins 112, 114 using well- 
known techniques. The spacers 118, 120 can have mate- 
rial compositions and size characteristics sufficient to 
prevent transmission of the impurity through the spacers. 
Also, the spacers 118, 120 can also contain doping impu- 
rities that diffuse into the adjacent portions of the fins 
112, 114. These doping impurities increase the threshold 



of this portion of the fin device, and maintain the portion 
of the fin (the lower portion) that is protected by the 
spacers 118, 120 as an insulator. In this process, those 
fins that have taller spacers will receive a relatively smaller 
area of semiconductor doping 113 and those fins that 
have shorter spacers will receive a relatively larger area of 
semiconductor doping 115. 

[0034] Therefore, the portions of the fins 112, 114 that are pro- 
tected by the spacers 118, 120 will not be electrically ac- 
tive. As is understood by those ordinarily skilled in the art, 
the impurity changes the material of the fins 112, 114 
from poor conductor into a semiconductor 113, 115. 
Thus, the size of the spacers 118, 120 controls how much 
(length, area) of the fins 112, 114 will become semicon- 
ductors 113, 115. The remainder of the fin (the portion 
protected by the spacers 118, 120) will remain as an in- 
trinsic silicon, while the exposed portion 113, 115 of each 
fin 112, 114 will become doped to function as an active 
semiconductor. In this way, the size of the spacers 118, 
120 controls the effective semiconductor width of the fin. 

[0035] Next, as shown in Figures 7 A and 7B, gate conductors and 
gate oxide 124, 126 are formed over the fins using well- 
known techniques. In this example, the gate conductors 



124, 126 are separate and therefore the fins 112, 114 
form individual transistors. However, one ordinarily skilled 
in the art would understand that the invention is equally 
applicable to transistors that utilize multiple fins per tran- 
sistor where a common gate conductor covers a number 
of fins. Additional structures that would be formed using 
well-known techniques include additional sidewall insula- 
tors, source/drain regions, contacts, etc. 

[0036] Figures 8A-14B illustrate a second embodiment of the in- 
vention that utilizes an SOI structure. In this embodiment, 
one set of spacers is completely removed from the struc- 
ture. For consistency, the same numbering scheme is used 
in the second embodiment for the same materials and 
structures discussed above in the first embodiment. 

[0037] More specifically, Figures 8A-8B illustrate two fins 112, 
114 formed above a buried oxide layer 130 on silicon 
substrate 110 using well-known techniques. In Figures 
9A-9B, an insulator 116 (which will eventually become the 
spacers) is deposited over the structure using well-known 
techniques. In Figures 10A-10C, the insulator material 
116 is etched in a selective anisotropic etching process to 
leave the insulator material 116 only on the lower side 
walls of the fins 112, 114 using well-known techniques. 



The spacers are again identified as numbers 118 and 120 
in the drawings. 

[0038] | n Figures 11A-11B, a protective mask 122 is formed over 
one of the fins 112 and its associated set of spacers 120 
using well-known techniques. This leaves fin 114 and 
spacers 118 exposed. Next, in Figures 12A-12B, an etch- 
ing (or other similar) process is used to remove spacers 
118 using well-known techniques. Note that because of 
the protective mask 122, the height of the spacer 120 is 
not affected by this etching process. In Figures 13A-13B, 
the protective mask 122 is removed and an impurity is 
implanted into the fins 112, 114 using well-known tech- 
niques. The spacers 120 can have a material composition 
and size characteristics sufficient to prevent transmission 
of the impurity through the spacers. Also, the spacers 120 
can contain doping impurities that diffuse into the adja- 
cent portions of the fin 112. These doping impurities 
maintain the portion of the fin (the lower portion) that is 
protected by the spacers 120 as a poor conductor. In this 
process, those fins that have larger spacers will receive a 
relatively smaller area of semiconductor doping 113 and 
those fins that do not have spacers will receive a relatively 
larger area of semiconductor doping 115. 



[0039] as is understood by those ordinarily skilled in the art, the 
impurity changes the material of the fins 112, 114 from 
an intrinsic silicon into a semiconductor device 113, 115. 
Thus, the presence or absence of the spacer 120 controls 
how much of the fin 112 will become a semiconductor. 
The remainder of the fin (the portion protected by the 
spacer 120) will act as an insulator, while the exposed 
portion 113 of the fin 112 will become an active semicon- 
ductor. In this way, the absence or presence, and size of 
the spacer 120 controls the effective semiconductor width 
of the fin. 

[0040] Next, as shown in Figures 14A and 14B, gate conductors 
124, 126 are formed over the fins using well-known tech- 
niques. In this example, the gate conductors 124, 126 are 
separate and, therefore, the fins 112, 114 form individual 
transistors. However, one ordinarily skilled in the art 
would understand that the invention is equally applicable 
to transistors that utilize multiple fins per transistor 
where a common gate conductor covers a number of fins. 
Additional structures that would be formed using well- 
known techniques include additional sidewall insulators, 
source/drain regions, contacts, etc. 

[0041] This processing flow is shown in flowchart form in Figure 



15. More specifically, the invention begins by forming a 
buried oxide layer on a substrate 150 (or simply starts 
with a silicon substrate). Next, the invention forms fins 
152 and insulating spacers 154 adjacent the fins. The fin 
structures can all have the same size. The invention re- 
moves at least a portion of (or completely removes) some 
of the insulating spacers 156, such that first insulating 
spacers cover a larger portion of first fin structures when 
compared to the portion of second fin structures covered 
by second insulating spacers. 

[0042] After removing the portions or all of some of the insulat- 
ing spacers, the invention dopes the portions of the fin 
structures that are not protected by the insulating spacers 
158 to make those portions of the fins semiconductors. In 
this process, those fins that have larger spacers will re- 
ceive a smaller area of doping and those fins that have 
smaller spacers (or no spacers) will receive a larger area of 
doping. Therefore, there is a difference in doping between 
the first fins and the second fins that is caused by the dif- 
ferently sized spacers. The difference in doping between 
the first fins and the second fins changes an effective 
width of the second fins when compared to the first fins. 

[0043] This process produces a fin-type field effect transistor 



(FinFET) that has a buried oxide layer over a substrate, at 
least one first fin structure and at least one second fin 
structure positioned on the buried oxide layer. First insu- 
lating spacers are adjacent the first fin structures and sec- 
ond insulating spacers are adjacent the second fin struc- 
tures. The first insulating spacers cover a larger portion of 
the first fin structure when compared to the portion of the 
second fin structure covered by the second insulating 
spacers. This creates FinFETs that are not the full height 
of the fin. 

[0044] Those fins that have larger spacers will receive a smaller 
area of doping and those fins that have smaller spacers 
will receive a larger area of doping. Therefore, there is a 
difference in doping between the first fins and the second 
fins that is caused by the differently sized spacers. The 
difference in doping between the first fins and the second 
fins changes an effective width of the second fins when 
compared to the first fins without having to use fins of 
different physical widths or use multiple fins within each 
transistor, as is required conventionally. 

[0045] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 



within the spirit and scope of the appended claims. 



